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Supplementary Methods

Liquid chromatography-tandem mass spectrometry

The LC method coupled to positive mode ESI was hydrophilic interaction
chromatography on an aminopropyl column at basic pH as previously reported®. The LC
method coupled to negative mode ESI was reversed phase chromatography with an
amine-based ion pairing agent® with only the LC gradient modified to: t =0, 0% B; t =5,
0% B; t=10, 20% B; t= 20, 20% B; t=35,65% B; t=38,95% B;t=42,95% B, t=
43, 0% B; t =50, 0% B where B refers to the methanol-containing mobile phase. LC
instrumentation was an LC-20 AD HPLC system (Shimadzu), autosampler temperature
of 4°C, injection volume 10 pL.

Media and culture conditions

Complete media formulation was 4.7g/L KH,PO,, 13.5g/L KoHPOy, 1 g/L K»S04, 0.1
g/L MgS0O4-7H,0, and final concentrations of 10 mM NH4Cl, and 4g/L of the carbon
source (acetate was added as 6.65 g/L of potassium acetate). Agarose plates for filter
cultures were prepared by mixing triply-washed agarose with the above media
composition to a final concentration of 1.5% agarose, and then pouring the mixture (~30
mL/plate) into 10 cm Petri dishes

In order to prepare filter cultures, a single colony was picked from a Luria Broth plate,
and grown to saturation overnight in minimal media (containing either glucose, or, for
glycerol and acetate cultures, a 1:4 mass ratio of glucose to the other carbon source). The
saturated overnight culture was then diluted to ODgs( (optical density at 650 nm) of 0.03
into liquid minimal medium with glucose, glycerol, or acetate as the sole carbon source.
This liquid culture was grown to ODgso of ~ 0.1, at which time it was transferred to filter
culture as follows: for each filter culture, 5 mL of liquid culture was passed through an
82 mm diameter round nylon filter (GE cat# NOOHY08250) and the filter placed cell-side
up onto a medium-loaded agarose plate. The filter cultures were allowed to grow to an
ODgsp 0of 0.35 (determined by washing a filter in 5 mL of liquid medium, then
determining ODgs) prior to quenching metabolism and extracting metabolites.

Preparation of internal standards

Metabolite standards were purchased from Sigma-Aldrich in the highest purity available.
A stock solution of each metabolite standard was prepared by dissolving the standard in
100% acetonitrile to a concentration of 100-2000 ng/mL. The stock solutions were stored

at -80°C and used within 3 days of preparation.

Metabolites were quantified in batches of 15-20 compounds. For each batch, the
extraction solution containing the 15-20 internal standards was prepared by mixing the
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standard stock solutions to obtain final concentrations of each standard as close as
possible to the corresponding endogenous metabolite concentration, with solvent added
to obtain a final composition of 40:40:20 acetonitrile:methanol:water with 0.1 M formic
acid. The extraction solution was maintained at -20°C for ~ 2 h before extracting cells.

For each batch of internal standards, an initial experiment was performed in order to
determine the appropriate concentration of internal standard. Extraction solution was
prepared containing each of 15-20 internal standards at a final concentration of ~1-10 nM
in 40:40:20 acetonitrile:methanol:water with 0.1 M formic and used to extract two filter
cultures grown with U-">C-glucose as the carbon source. Peak heights of the standards
(unlabelled) and endogenous metabolites ("*C-labeled) were compared. If the standard
and endogenous peak heights differed by more than 5-fold, changes in dilution were
calculated to make the peak heights match more closely. Subsequent to determining the
appropriate concentration for each internal standard, a new extraction solution of
appropriate concentrations was prepared.

Quantitation of glycerol- and acetate-grown cells

Concentrations were determined based on the ratio of the '*C peak height (from the
glycerol- or acetate-fed culture) and the *C-peak height (from the cellular *C-labeled
internal standard from *C-glucose-fed cells), along with the other values determined
during metabolite quantification on glucose. Calculation of the concentration was
according to the equation:

C, —RxKxSxVx _ DWear

DVVtot XV, cell

where all values are identical to those used for calculating glucose concentration (see
main text), except for K, which is the geometric mean ratio of the '*C-peak height
(corrected for naturally occurring °C) to the '*C-peak height. Error was determined by
propagation of uncertainty in R and K as standard errors in logarithmic space as described
for glucose-grown cultures in the main text.

Correction for excreted metabolites

In order to correct the data for metabolites that had been excreted during growth, filter
cultures were grown in unlabelled glucose, glycerol, or acetate. Each of the filter cultures
was extracted as described above. Additionally, immediately after removal of each cell-
loaded filter from the agarose plate, a fresh empty filter was placed on the plate and
allowed to equilibrate for 60 seconds (thereby absorbing extracellular solution equivalent
to that present surrounding the cells on the cell-loaded filter). These filters were
extracted in the same manner as the filter cultures. Each sample was then mixed 1:1 with
cellular *C-labeled internal standard. The fraction of each metabolite that was
extracellular was determined as the ratio of the '*C- to 13C-signal from the cell-free
extraction to the '*C- to *C-signal from the cell-containing extract. Intracellular

30



concentrations were corrected for the amount of metabolite found to be extracellular by
multiplying the originally calculated concentration by the fraction of the total signal that
was intracellular.

Tests of statistical significance

In order to determine which metabolite concentrations were significantly different
between cells grown in the three carbon sources, we performed a two-tailed Student’s t-
test. Note that uncertainty in the measurement of R does not contribute to uncertainty in
relative concentrations (although it does contribute to uncertainty in absolute cellular
concentrations) and was accordingly not included in the error estimates entered into the t-
tests. False discovery rate was determined from the p-values using the approach of
Benjamini and Hochberg” and differences significant at a false discovery rate of less than
0.05 were deemed significant. For testing enrichment, we used the hypergeometric test
implemented in the statistical software R.

Michaelis constants

Michaelis constants were obtained from the BRENDA database®. Only values for the K,
of compounds annotated as substrates for the forward reactions in Ecocyc’ were included
in the analysis. In the case that there were divergent values of K, reported in BRENDA,
the geometric mean of all available values was used in the analysis. The full data set is
available (Supplementary Table 7).
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